INTRODUCTION
============

Fecal microbiota transplantation (FMT) has been shown to be effective in active UC by targeting gut dysbiosis. We have been using FMT for induction of remission in patients with moderate to severe active UC and also for subsequent maintenance of remission \[[@b1-ir-2019-00108],[@b2-ir-2019-00108]\]. In our center, fecal slurry made from freshly passed stools from a screened donor is administered into the terminal ileum by a colonoscopic route, in a prepared colon. The protocol for FMT involves 7 sessions; at weeks 0, 2, 6, 10, 14, 18, and 22 for induction of remission followed by 8 weekly FMT infusions for maintenance of remission \[[@b1-ir-2019-00108],[@b2-ir-2019-00108]\]. A prospectively maintained electronic database of all these patients is reviewed regularly for clinical outcomes and status of co-morbid conditions, if any. Four patients noticed improvement in their co-morbid conditions while being on FMT for UC, without any specific treatment being offered for such diseases. We hereby report these incidentally reported benefits with FMT. These cases were incidentally detected during a study on role of FMT in patients with UC, which was approved by the Institutional Review Board (IEC No. 2015-113). Written consent was obtained from all patients.

CASE REPORTS
============

1. Case 1
---------

A 24-year-old female patient had UC (E3 disease) for 2 years. Her disease was severe (Mayo score 11) and steroid refractory. She had received 3 doses of infliximab for induction of remission, and was maintained on mesalamine and azathioprine. However, she had a relapse 3 months later, which was managed with intravenous steroids. After an initial clinical response with intravenous steroids, FMT was started in addition to oral steroids and azathioprine. After 7 sessions of FMT she achieved clinical remission. She was obese before starting FMT (weight 65 kg, BMI 28.0 kg/m^2^), and her weight had been the same for the past 5 years. While receiving FMT, she started noticing loosening of clothes after third session and reported losing 12 kg at the end of 7 sessions (post-FMT: weight 53 kg, BMI 23.5 kg/m^2^). A diet diary maintained during the period she received FMT did not reveal any major changes in the type of food she consumed or the total caloric intake per day.

2. Case 2
---------

A 34-year-old female patient had moderately active UC for 6 years. She also reported significant hair loss for which she had used multivitamins and topical agents (minoxidil), but there was no sustained benefit. During a relapse 1 year ago, she was treated with FMT after a partial response to steroids (azathioprine was not added). After 7 sessions of FMT, she achi eved clinical remission. In addition to this, she also reported a significant improvement in hair loss. The number of hair on her hairbrush after combing, or that noted in the drain after shampooing had significantly decreased and she perceived an increase in the hair growth (according to the 4-item Women's Hair Growth Questionnaire). She denied concomitant use of any drugs (oral or topical) to enhance hair growth. A traction test was done and Sabouraud sign was negative. She has been on follow up for 6 months and has a sustained improvement in hair loss.

3. Case 3
---------

A 38-year-old male patient had moderately active (Mayo clinic score 8) steroid dependent UC. He had inflammatory back pain for more than 1 year, which was insidious in onset, associated with morning stiffness and improvement with physical exercise. Radiographs of the lumbosacral spine and sacroiliac joints were normal. Initial treatment with sulfasalazine had to be stopped due to GI intolerance, and he was on mesalamine and corticosteroids when FMT was started. After 7 sessions of FMT, he achieved clinical remission and corticosteroids were gradually tapered off. He also reported relief in his back pain and reduction in morning stiffness. Over the next 6 months of follow up, he did not require corticosteroids or NSAIDs for analgesia.

4. Case 4
---------

A 29-year-old female patient had moderately active steroid dependent UC of 2 years duration. She also had recurrent episodes of rhinorrhea, itching and nasal congestion since childhood for which she had been on several anti-histaminic drugs. After 7 sessions of FMT, she achieved clinical remission and could withdraw corticosteroids. Despite this, she reported resolution of her symptoms of allergic rhinitis and could discontinue anti-histaminic drugs.

DISCUSSION
==========

UC is a chronic multifactorial disease that affects the GI tract and results from an abnormal immune response to the luminal antigens in genetically predisposed individuals. Gut dysbiosis plays an important role in pathogenesis of UC, in which a reduction in anti-inflammatory phyla, *Firmicutes* and *Bacteroidetes* and an increase in pro-inflammatory *Proteobacteria* such as *Enterobacteriaceae* has been reported. Several other diseases also result due to gut dysbiosis, including infections (*Clostridium difficile* infection and infectious gastroenteritis), autoimmune diseases (diabetes and allergic disorders), behavioral disorders and other conditions like metabolic syndrome and functional GI disorders \[[@b3-ir-2019-00108]\]. Some of these co-morbid immune mediated disorders may simultaneously be present in patients with UC. Though recent studies have proven the efficacy of FMT in induction and maintenance of remission in UC, its effect on the course of other immune mediated disorders is yet unclear. However, when treated separately, efficacy of FMT in some of these conditions has been reported.

Case no. 1 reported significant, sustained weight loss. The prevalence of obesity in IBD has risen in parallel with the general population. Pro-inflammatory adipokines produced by adipose tissue, environmental risk factors, and alterations in the gut microbiome may explain epidemiologic links between obesity and IBD \[[@b4-ir-2019-00108]\]. Obesity also negatively influences IBD disease course (risk of complication, surgery, hospitalization, and infections) and response to medical therapy (including biologics) \[[@b5-ir-2019-00108]\]. Weight loss, as seen in patient A, can be attributed to changes brought about in the intestinal milieu by a changed microbiome post-FMT. Environmental factors associated with both obesity and IBD such as diet and exposure to antibiotics are likely modulated through gut microbiome. Targeting obesity via manipulation of intestinal microbiome may be the future therapeutic approach to obesity in general population and IBD in particular.

Hair fall, a common clinical problem in IBD, has been reported only anecdotally. The causes for disease related hail-fall include telogen effluvium, drug side effects and nutritional deficiencies among others. Alopecia areata, an autoimmune disorder shares genetic risk factors with IBD and both these disorders have altered immune response, characterized by increased levels of interferon-γ and TNF-α \[[@b6-ir-2019-00108]\]. In addition to this, luminal metabolic alterations due to gut dysbiosis and dietary modifications have been shown to alter skin physiology and result in alopecia \[[@b7-ir-2019-00108]\]. FMT corrects gut dysbiosis which may result in reduction of these pro-inflammatory cytokines and correction of luminal metabolic alterations resulting in improvement in gut inflammation and hair fall. Improvement in the nutritional status of the patients after achieving remission may also reduce the hair loss. Recent case reports of hair growth noted in 2 patients with alopecia areata when treated with FMT for recurrent *C. difficile* infection suggest the same \[[@b8-ir-2019-00108]\].

Arthritis is a common extraintestinal manifestation of IBD, occurring in approximately 30% of IBD patients and significantly affecting quality of life. Oligoarticular peripheral arthritis parallels the disease activity of IBD, hence treatment of IBD may resolve this type of arthritis. Polyarticular and axial arthritis however, are independent of disease activity, and require specific treatment. Recent studies have suggested a causal relationship between the intestinal microbiota and spondyloarthritis and thus linking dysbiosis of the complex microbial communities with pathogenesis of spondyloarthritis. Animal models reveal that a germ-free environment is preventive for development of gut and joint disease, suggesting that microbial exposure is necessary for arthritis to develop in the presence of predisposing genetic background \[[@b9-ir-2019-00108]\]. Gut dysbiosis may alter immune balance in the lamina propria towards a pro-inflammatory state, with an increased interleukin (IL)-23 production and activation of γ/δ T cells capable of amplifying the response through cytokines such as IL‐17 and TNF, resulting in both gut and joint inflammation \[[@b10-ir-2019-00108]\]. A classic example of altering gut microbiome for therapeutic benefits in inflammatory arthritis is sulfasalazine, which is a combination of antibacterial sulfonamide bonded with a salicylate through an azo bond. However, this drug has several adverse events restricting its use. Correction of gut dysbiosis with FMT may improve both IBD and associated inflammatory arthritis, and no major adverse events have been reported with the same so far. Larger studies with detailed microbiome analysis can be considered based on this observation.

Two determinants for development allergic disorders have been proposed; hygiene hypothesis and disruption of intestinal microbiota. Animal models and longitudinal human studies reverberate the relationship between allergic diseases and microbiota \[[@b11-ir-2019-00108]\]. The use of FMT may restore immune homeostasis by enabling colonization of a sturdier and resilient community of microbes thereby alleviating symptoms attributable to allergic disorders.

To conclude, FMT seems to have potential clinical applications in treating a wide spectrum of extraintestinal diseases associated with gut dysbiosis. Correction of gut dysbiosis with FMT not only results in mucosal healing in the gut, but also has profound systemic, immunological and metabolic response. However, few questions remain unanswered. Will they respond to the same protocol, same route of administration and same dose of FMT? Will the response be similar? Can they relapse when FMT is stopped? Larger studies with evaluation of microbiome changes are needed to answer these questions.
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